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Because the efficacy of elective carotid endarterec-
tomy (CEA) in symptomatic high-grade extracranial
carotid stenosis is well proven in the secondary pre-
vention of ischemic stroke, emergency CEA for acute
or progressive stroke is still discussed controversial-
ly.1-4 As a result of sobering experiences in the 1960s,
including the Joint Study of Extracranial Arterial
Occlusion, which had unacceptable high surgical
mortality and cerebral hemorrhage rates between 29%
and 50%, carotid desobliteration for acute stroke was
considered to be contraindicated.5-8 Today, it can be
argued that inadequate patient selection, because of
poor preoperative identification of the degree of cere-
bral injury in the era before computed tomography
(CT) and magnetic resonance imaging, and insuffi-
cient control of postoperative hypertension may have
been significant contributors to the high incidence of
perioperative hemorrhagic complications. Recently,
the potential benefit of emergency CEA was shown,
with patients with fluctuating neurological deficit or
progressive stroke obtaining a satisfactory outcome
(no or mild neurological deficit) in as much as 84% of
cases and an overall mortality rate of 6% to 20%.9-15
The main prognostic predictors for good clinical out-
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and major infarction established by means of cerebral computed tomography scan.
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0.15 to 1 mIU urokinase was administered intraoperatively, ie, emergency CEA for acute
ischemic stroke (n = 5) or surgical reexploration after elective CEA complicated by peri-
operative intracerebral embolism (n = 6). Thirteen of 14 intracranial embolic occlusions
and 10 of 11 ICA occlusions were recanalized successfully (confirmed with angiography
or transcranial Doppler studies). Four patients recovered completely (Rankin 0), six
patients sustained a minor stroke (Rankin 2/3), two patients had a major stroke
(Rankin 4/5), and two patients died. In one patient, hemorrhagic transformation of an
ischemic infarction was detectable postoperatively.
Conclusion: Combining carotid surgery with thrombolysis (simultaneous or staged pro-
cedure) offers a new therapeutic approach in the emergency management of an acute
carotid-related stroke. Its efficacy should be evaluated in interdisciplinary studies. 
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come in these patients were timing of surgery, absence
of cerebral coma, quality of collateral blood flow, and
coexistence of simultaneous arterio-arterial emboliza-
tion in the middle cerebral artery (MCA).
It has been shown in several studies that throm-
bolytic agents, given either intravenously or intra-
arterially, can be successful in recanalizing an acute
occlusion of the MCA.16-30 Because thrombolytic
therapy cannot be effective in the treatment of an
embolizing carotid focus, a combined approach,
consisting of thrombolysis and extracranial CEA
either as a staged or simultaneous procedure, might
be a promising therapeutic option in the manage-
ment of acute carotid-related ischemic stroke.31
Additionally, intraoperative thrombolysis might be
indicated in elective CEA complicated by intraoper-
ative intracranial embolism.32,33
Our initial experiences with staged procedures
(thrombolysis before CEA) and simultaneous proce-
dures, including both patients with carotid-related
strokes (emergency CEA and thrombolysis simulta-
neously) and patients with elective CEAs complicat-
ed by intraoperative and postoperative intracranial
embolic vessel occlusion (surgical reexploration and
intraoperative thrombolysis), are reported.
PATIENTS AND METHODS
Patients. Between January 1994 and January
1998, 845 carotid reconstructions were performed. In
14 patients (1.7%), a combined therapeutic approach,
consisting of intracerebral thrombolysis and CEA, was
performed. In three of 14 patients, thrombolysis for
acute ischemic stroke was performed first.
CEA was indicated after clinical improvement at
the earliest interval (6 to 21 days, staged procedure).
In 11 of 14 patients, intracerebral thrombolysis was
performed intraoperatively during emergency CEA for
acute carotid-related stroke (five patients) and during
surgical reexploration after elective CEA complicated
by perioperative intracerebral embolism (six patients).
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Fig 1. A and B, Patient 1, a 41-year-old man, had acute left-sided hemiparesis caused by a
more than 90% stenosis of the internal carotid artery on the right and an embolic occlusion of
the intracranial carotid artery. He recovered after successful intravenous rt-PA lysis. No infarc-
tion was seen by means of CT (day 4). C, Six days later, he underwent an uneventful CEA,
with evidence of recanalized intracranial internal carotid artery, middle cerebral artery, and
anterior cerebral artery.
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Fig 2. Patient 5, a 70-year-old man, had symptomatic high-grade internal carotid artery stenosis.
On the ward, he sustained ischemic stroke with progressive hemiparesis. A, An acute occlusion of
the internal carotid artery was revealed by means of an emergency carotid endarterectomy. 
B, Evidence of embolic occlusion of the middle cerebral artery was shown by means of comple-
tion angiography (M1). With a canula, 750,000 IU urokinase was locally administered via the
internal carotid artery. Postoperatively, the patient recovered remarkably; only a minimal non-
functional neurological deficit remained. C, On day 5, a patent middle cerebral artery was shown
by means of computed tomographic angiography. D, Also on day 5, partial hemorrhagic transfor-
mation of an ischemic stroke was revealed by means of cerebral computed tomography.
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In the same period, 108 carotid procedures were
performed in neurologically unstable patients: emer-
gency CEA in 12 patients with acute profound
ischemic stroke (major stroke/mortality rate, 29.4%);
emergency CEA in 22 patients with progressive
stroke (major stroke/mortality rate, 22.7%); emer-
gency CEA in 10 patients with crescendo–transient
ischemic attack (major stroke/mortality rate, 10%);
early CEA within 4 weeks after a nondisabling
carotid stroke in 64 patients (stroke/mortality rate,
3.1%). Nine patients were surgically reexplored
under emergency conditions because of a postoper-
ative stroke after elective CEA (major stroke/mor-
tality rate, 44%).
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Fig 3. Patient 7, a 55-year-old man with hypertension, had a progressive stroke with hemi-
paresis and aphasia. Acute internal carotid artery occlusion was diagnosed by means of Duplex
sonography. An emergency carotid endarterectomy was performed after 12 hours. 
A, Occlusion of the middle cerebral artery was revealed by means of completion angiography.
B, Selective thrombolysis with 600,000 IU urokinase was performed intraoperatively. 
C, Partial reestablishment of middle cerebral artery flow was shown by means of postoperative
computed tomography angiography (still patent in transcranial Doppler ultrasound scan after
6 months). D, Despite major ischemic infarction shown by means of the cerebral computed
tomography on day 3, the patient recovered partially (aphasia improved remarkably, was able
to walk, Rankin 2).
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Brain and vascular imaging studies. Cerebral
CT scans (CCT) were performed in all patients with
acute or progressive stroke to exclude both intra-
cerebral hemorrhage and early signs of already estab-
lished major ischemic infarction. These early signs
include hypodensity of the MCA territory, obscura-
tion of the lentiform nucleus, focal brain swelling,
and loss of insular ribbon. Additional important
early CCT findings in stroke patients are the so-
called hyperdense internal carotid sign and the
hyperdense MCA sign, which indicate occlusion of
the internal carotid artery (ICA), the MCA, or
both.12 All patients, except one, were reexamined by
means of CCT 4 days postoperatively to assess hem-
orrhagic lesions of the brain, ischemic lesions of the
brain, or both.
In all staged procedures, carotid angiography was
performed preinterventionally. In all other patients,
emergency surgery was done without preoperative
angiography. Diagnosis of carotid occlusion was made
by means of Doppler/Duplex studies and by means of
neurological examination; intracerebral embolism was
revealed by means of intraoperative on-table angiog-
raphy. In all patients, intraoperative angiography (dig-
ital subtraction arteriography) was performed with a
puncture of the common carotid artery after closure
of the arteriotomy. Imaging of the carotid bifurcation
and the intracranial vessels, including the intracranial
ICA, the carotid-T, the MCA, and the anterior cere-
bral artery (ACA), was performed in two different
projections. A 21-gauge needle connected to a
heparinized tube was introduced into the non-
endarterectomized portion of the common carotid
artery. A mobile x-ray unit with a C arm was wheeled
in anterio-posterior position. After aspiration of blood
to ensure proper endoluminal placement of the nee-
dle, 10 mL of contrast agent were injected into the
common carotid artery while antegrade flow was
maintained.
In staged procedures, patency of the MCA after
thrombolysis was diagnosed by means of transcranial
Doppler studies and confirmed by means of intraop-
erative angiography after early CEA in two patients.
In 10 of 12 simultaneous procedures, postoperative
patency of the reconstructed ICA and the MCA was
confirmed by means of Duplex scans, transcranial
Doppler studies, and/or angiography/CT angiogra-
phy 3 to 5 days postoperatively.
Selection criteria. Selection criteria for initial
thrombolysis in acute ischemic stroke were adopt-
ed from the European Cooperative Acute Stroke
Study (ECASS) and included a time window of less
than 6 hours between onset of stroke and throm-
bolysis, exclusion of cerebral bleeding and/or
early signs of an established ischemic infarction in
more than a third of the territory of the MCA, and
evidence of an intracerebral embolism and/or
thrombus.12
Emergency surgery for stroke was indicated sim-
ilarly in patients with evidence of carotid occlu-
sion/high-grade stenosis, absence of cerebral coma,
and exclusion of intracerebral hemorrhage and/or
established ischemic infarction on the preoperative
CT scan of the brain. Intraoperative thrombolysis
was performed after on-table angiography and visu-
alization of middle or anterior cerebral artery
embolism. A delay of more than six hours after the
onset of symptoms did not exclude patients from
surgery, as long as no signs of infarction were
detectable on the CT scan.
Patients who had a postoperative stroke within
the first hours after elective CEA were reexplored
under emergency conditions to exclude a technical
failure of the carotid reconstruction unless other rea-
sons for the postoperative deficit existed (malignant
hypertension, cholinergic syndrome). To keep from
wasting time, CCT was not repeated, and angiogra-
phy was performed intraoperatively.
Operative details. In all operative procedures, a
bolus of 5000 IU heparin was given intravenously
before crossclamping of the ICA. In all emergency
procedures, continuous heparinization was main-
tained with intravenous infusions of 1000 to 1500
IU per hour to double activated partial thrombo-
plastin time.
Neuromonitoring was performed routinely dur-
ing elective CEA by recording somato-sensory-
evoked potentials (SSEP). Loss of SSEP in elective
CEA indicated shunt-insertion and on-table angiog-
raphy of the major extracranial and intracranial 
vessels.
Thrombolytic agents. Recombinant tissue plas-
minogen activator was administered for intravenous
lysis therapy, with doses dependent on the body
weight (80 to 100 mg). Intraoperative thrombolysis
was performed with urokinase, which was adminis-
tered via the ICA (locally) or selectively via a micro-
catheter (Tracker-18, 2.5 F, Target Therapeutics).
Because no accepted dose regimen for intraoperative
use of thrombolytic agents exists, 500,000 to
750,000 IU urokinase were given to most patients.
Individually, a lower dose of 150,000 IU urokinase
was used in an 81-year-old woman; higher doses (1
mIU urokinase) were used in two patients in whom
the MCA was catheterized selectively, but no recanal-
ization was achievable.
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Data assessment. Initial, preoperative, and
postoperative neurological outcomes (at discharge
and after a minimum of 6 months) were assessed
with the modified Rankin scale.
RESULTS
Staged procedures—thrombolysis for acute/pro-
gressive stroke and early CEA after neurological
improvement
Patient l. A 41-year-old man had an acute hemi-
plegia on the left side. A more than 90% ICA stenosis
with embolic occlusion of the intracranial carotid
artery (carotid-T) was confirmed by means of angiog-
raphy. Because hemorrhagic infarction and/or early
signs of a major ischemic infarction were excluded by
means of the initial CCT, 100 mg rt-PA was adminis-
tered intravenously 4 hours after onset of stroke. The
patient recovered within 24 hours; patent intracere-
bral circulation was shown by means of Doppler stud-
ies. Uneventful CEA of the underlying ICA stenosis
was performed six days after onset of stroke, and evi-
dence of a patent ICA, MCA, and ACA was obtained
by means of completion angiography intraoperatively.
Twelve months later, the patient was well (Fig 1).
Patient 2. A 58-year-old man sustained an
acute stroke with a severe hemiparesis and global
aphasia caused by thrombotic occlusion of the left
proximal ICA and embolic MCA branch occlusion
confirmed by means of an angiograph. This patient
received 80 mg rt-PA 2.5 hours after onset of stroke.
The patient improved and was able to walk within 3
days, but paresis of the arm was unchanged. A CT
scan of the brain revealed an ischemic infarction of
the MCA territory (Ø 3 cm). After diagnosis of a
pseudo-occlusion of the proximal ICA (revealed by
means of thrombolysis) and patent intracerebral ves-
sels, the patient was surgically explored 14 days after
onset of stroke. Surprisingly, the ICA was reocclud-
ed definitely (there was no further impairment of the
monoparesis of the arm between initial symptoms
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Table I. Clinical data for 14 patients treated with carotid endarterectomy (CEA) and preoperative or 
intraoperative thrombolysis
Patient Age/sex Site of occlusion Symptoms (modified Rankin scale§)
1 41/m Right carotid-T Acute hemiplegia (Rankin 5)
ICA stenosis 90%
2 58/m Left ICA Acute hemiparesis (Rankin 4)
MCA occlusion (M2)
3 75/f Left MCA (M2) Acute hemiparesis (Rankin 4)
ICA stenosis 70%
4 66/m Left ICA Acute hemiplegia (Rankin 5)
MCA (M1)
5 70/m Right MCA (M1) Progressive hemiparesis (Rankin 5)
ICA stenosis 90%
6 81/f Left ICA Progressive hemiparesis (Rankin 4)
MCA (M2 suspected)
7 55/m Left ICA Progressive hemiparesis (Rankin 5)
MCA (M1)
8 60/f Left carotid-T Acute hemiplegia (Rankin 5)
ICA stenosis > 90%
9 74/m Intraoperative right ACA Completion angiography intraoperatively
10 60/m Intraoperative right MCA (M2) Completion angiography intraoperatively
11 72/m Intraoperative MCA (M1) Hemiplegia immediately after elective CEA (Rankin 5)
12 53/m Postoperative right ICA, MCA (M1) Hemiplegia after aorto-carotid bypass (Rankin 5)
13 64/f Postoperative right ICA, MCA (M2) Hemiparesis 2 h after elective CEA (Rankin 4)
14 55/m Postoperative right ICA, MCA distal branch Hemiplegia 3 h after elective CEA (Rankin 5)
Carotid-T, intracranial carotid artery; ICA, internal carotid artery; MCA, middle cerebral artery (M1/M2 segment); ACA, anteri-
or cerebral artery; ECA, external carotid artery; CEA, carotid endarterectomy; UK, urokinase; iv, intravenously; loc, locally via inter-
nal carotid artery; sel, selectively by microcatheter; Interval, interval between onset of symptoms (diagnosis of intracranial artery
occlusion in patients 9 and 10) and thrombolysis; CTA, computed tomography angiography; CCT, cerebral computed tomography.
*Internal carotid artery reoccluded after several days without a new neurological deficit.
†Patient was ventilated mechanically for 8 hours, and neurological deficit was unknown. No SSEP loss during clamping of the com-
mon carotid artery.
‡Partial hemorrhagic transformation of the ischemic infarction. 
§Modified Rankin scale: 0 = no deficit; 1 = minimal deficit; 2 = mild, nondisabling deficit; 3 = moderate deficit, but little support
in daily activities; 4 = disabling deficit, not walking alone; 5 = severe deficit, confined to bed; 6 = perioperative death.
and carotid surgery). External carotid plasty was per-
formed; postoperatively, the patient was unchanged.
Patient 3. A 75-year-old woman had an acute
hemiparesis and global aphasia. No hemorrhagic or
major ischemic infarction was shown by means of an
emergency CT scan of the brain. A 70% ICA stenosis
associated with a deep atherosclerotic ulcer and
embolic occlusion of an M2 segment of the MCA was
detected by means of angiography. Recanalization was
established by applying 1.2 mIU urokinase selectively
via an intra-arterial microcatheter 3 hours after onset
of symptoms. Although major ischemic infarction was
detectable after 2 days, the patient improved signifi-
cantly, having the ability to walk and independence of
personal support in most daily activities (Rankin 2)
within 2 weeks. After achieving a neurological plateau
phase, uneventful CEA was performed 21 days after
onset of stroke. Six months later, the patient had
improved further and was completely independent
(Rankin 1).
Emergency CEA and simultaneous thrombolysis
for carotid-related strokes
Patient 4. A 66-year-old man with a sympto-
matic (more than 90%) stenosis of the left ICA (hemi-
spheric transient ischemic attacks) sustained a severe
left hemispheric stroke with complete hemiplegia of
the right side, global aphasia, and progressing lack of
consciousness. Acute carotid occlusion was diagnosed
(by means of a Doppler study and loss of bruit), and
an emergency operation with thrombectomy and
CEA was performed after intracerebral hemorrhage
and major ischemic infarction were excluded by
means of CCT. Subtotal occlusion of the MCA was
revealed by means of intraoperative needle angiogra-
phy after eversion endarterectomy. Intraoperative lysis
therapy was performed with 500,000 IU urokinase
through the reconstructed internal carotid artery.
Three hours postoperatively, the patient’s hemiplegia
and aphasia diminished step-by-step, and after 24
hours, the patient recovered nearly completely.
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Recanalization Outcome (modified
(angiography/CTA/ Rankin scale§)
Therapy Interval duplex) Postoperative CCT Early ‡ 6 mo
1. 100 mg rt-PA iv 4 h Yes After thrombolysis: minimal 0 0
2. CEA day 6 (uneventful) ischemic lesion
1. 80 mg rt-PA iv 2.5 h ICA reoccluded After thrombolysis: Ø 3 cm 3 3
2. CEA of ECA day 14* MCA yes ischemic infarction
1. 1 mIU UK sel 3 h Yes After thrombolysis: Ø 5 cm 2 1
2. CEA day 21 (uneventful) ischemic infarction
CEA and 500,000 IU UK loc 3 h Yes No lesion 0 0
CEA and 750,000 IU UK loc 3 h Yes Ischemic infarction: Ø 4 cm‡ 2 1
CEA and 150,000 IU UK loc 5 h Not done Not done 3 3
CEA and 600,000 IU UK sel 12 h Yes Ischemic infarction Ø 4 cm 4 2
CEA and 1 mIU UK sel/loc 3 h ICA/ACA: yes Ischemic infarction Ø 8 cm 6 –
MCA: no
CEA and 500,000 IU UK loc minutes Yes No lesion 0 0
CEA and 500,000 IU UK loc minutes Not done No lesion 0 0
Revision and 500,000 IU UK sel 3 h No Ischemic infarction Ø 8 cm 6 –
Revision and 1 mIU UK sel 12 h† Yes Ischemic infarction Ø 8 cm 5 5
Revision and 500,000 IU UK loc 80 min Yes Ischemic infarction Ø 3 cm 2 1
Revision and 500,000 IU UK loc 50 min Yes Ischemic infarction Ø 2 cm 3 2
Evidence of a normal intracerebral vascular architec-
ture with no residuals of thromboembolism was
shown by means of a selective carotid angiogram per-
formed 3 days later. At discharge from the hospital,
the patient was free of complaint. Neither intracere-
bral hemorrhage nor ischemic infarction was shown
by means of a CT scan of the brain. Only a minimal
weakness of a facial branch and signs of dysdiado-
chokinesis of the right arm were indicated at a final
neurological examination; 6 weeks later, no neurolog-
ical deficit was detectable (Rankin 0, published as a
case report in 1995).31
Patient 5. While waiting for elective CEA, anoth-
er 70-year-old patient with a symptomatic high-grade
stenosis of the ICA sustained a progressive neurolog-
ical deficit with severe hemiparesis. Acute carotid
occlusion was suspected by means of Doppler study
findings. After cerebral bleeding was excluded by
means of CCT, reestablishment of carotid flow was
achieved 3 hours after onset of stroke with emergency
desobliteration. The ICA was found intraoperatively
to be occluded. Embolic occlusion of the MCA main-
stem was shown by means of completion angiogra-
phy, leading to immediate application of 750,000 IU
urokinase locally in the ICA. The patient recovered
step-by-step postoperatively and had only a minor
neurological deficit at discharge (Rankin 2). Six
months later, no functional deficit existed (Rankin 1).
A secondary hemorrhagically transformed ischemic
infarction, but no parenchymatous cerebral bleeding,
was revealed by means of the postoperative CT scan
of the brain. Patency of the ICA and the MCA was
evidenced by means of CT angiography 4 days post-
operatively (Fig 2).
Patient 6. An 81-year-old woman with a high-
grade ICA stenosis diagnosed by means of angiogra-
phy sustained a progressive stroke while being trans-
ferred to elective CEA. On admission, she was
unable to walk without assistance. Five hours after
the onset of symptoms, an emergency CEA was per-
formed. The ICA was found to be stenosed, but not
occluded, intraoperatively. Branch occlusion of the
MCA (M2) was highly suspected with intraoperative
angiography. Because of the age of the patient, only
150,000 IU of urokinase were administered locally
in the ICA. Postoperatively, the patient improved
significantly and was able to walk alone 24 hours
later. The patient refused any postoperative diagnos-
tic means and was retransferred to the community
hospital 3 days later. Six months later, the patient
was living at home with some help from ambulatory
aids (telephone interview, Rankin 3).
Patient 7. A 55-year-old man was referred to the
Department of Neurology with a slight hemiparesis
on the right side. A high-grade ICA stenosis was
detected by means of sonography, and the patient was
heparinized. After initial improvement, the neurolog-
ical deficit worsened step-by-step, and the patient was
transferred to the Department of Vascular Surgery
after cerebral bleeding and major ischemic infarction
were excluded by means of CT. On admission, the
patient was severely hemiparetic and globally aphasic.
Emergency CEA was performed 12 hours after the
onset of stroke. A subtotal embolic occlusion of the
MCA mainstem was revealed by means of intraopera-
tive angiography. Intra-arterial clot lysis was per-
formed by navigating a microcatheter (Tracker-18,
2.5 F, Target Therapeutics) through an angiography
sheath (6 F) into the occluded MCA. Postoperatively,
the patient improved from day to day and was able to
walk with assistance after 2 weeks (Rankin 4). An
ischemic infarction in the MCA territory without any
signs of hemorrhagic transformation or parenchyma-
tous bleeding was shown by means of a CT scan of
the brain. Partial recanalization of the MCA was
shown by means of CT angiography. Six months later,
the MCA was found to be patent by means of tran-
scranial Duplex sonography, and the patient was at
home with no functional deficit and only minor resid-
ual effects of the global aphasia (Rankin 2; Fig 3).
Patient 8. A 60-year-old woman sustained an
acute hemispheric stroke with complete hemiplegia,
global aphasia, and deviation conjugee. A high-grade
ICA stenosis and an occlusion of the intracranial
carotid artery (carotid-T) was shown by means of
extracranial and transcranial Doppler and Duplex
studies. After cerebral bleeding and signs of an already
established ischemic infarction were excluded by
means of CCT, the patient was operated on under
emergency conditions. After shunt insertion, distal
carotid occlusion was confirmed by means of angiog-
raphy. Initially, 500,000 IU urokinase were adminis-
tered through the shunt, resulting in recanalization of
the ICA and the ACA (3 hours after the onset of
stroke). After selective catheterization of the MCA
with a microcatheter, another 500,000 IU urokinase
were given. Although the distal outflow of the MCA
was visualized, no recanalization was achievable. The
patient sustained a severe ischemic stroke (total MCA
infarction, but no intracerebral hemorrhage) and died
4 days postoperatively of a malignant brain edema.
Elective CEAs complicated by perioperative
intracranial embolism
Patient 9. A 74-year-old man electively under-
went surgery for a symptomatic high-grade ICA
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stenosis. Because of a technical defect, no SSEP was
available intraoperatively. The ipsilateral ACA was
not visible by means of the completion angiography,
and it was suspected that it was occluded by an
intraoperative embolism. The patient received
500,000 IU urokinase intracarotideally immediately
and had an uneventful outcome with no ischemic or
hemorrhagic lesions found in the postoperative CT
scan of the brain. Patency of the ipsilateral ACA was
proven in angiography.
Patient 10. Intracerebral on-table angiography
was performed on a 60-year-old man after CEA of a
symptomatic high-grade ICA stenosis caused by loss
of SSEPs. After detection of a branch occlusion of
the MCA, 500,000 IU urokinase was administered
intracarotideally. The patient had an uneventful out-
come, and no ischemic or hemorrhagic lesions were
detectable by means of the postoperative CT scan of
the brain. The patient refused postoperative angiog-
raphy/CT angiography.
Patient 11. A 72-year-old man with a history of
transient ischemic attacks awakened after elective
CEA for symptomatic high-grade ICA stenosis with
a complete hemiplegia. Intraoperatively, loss of SSEP
was registered during dissection of the carotid bifur-
cation, leading to shunt insertion after eversion CEA.
During carotid reconstruction, SSEP signals were in
the range of 20% to 50% of the primary signal. No
technical failure was shown by means of extracranial
angiography of the reconstructed carotid bifurcation;
intracranial angiography was not performed initially.
At surgical reexploration, a total occlusion of the
mainstem of the MCA, probably caused by emboliza-
tion during dissection of the carotid bifurcation, was
revealed by means of angiography of the cerebral ves-
sels. Selective catheterization of the MCA was per-
formed with a microcatheter (Tracker-18, 2.5 F,
Target Therapeutics), and 500,000 IU urokinase was
administered into the embolus. Although it was pos-
sible to visualize the distal outflow of the MCA, no
recanalization was achievable. The patient had a
severe hemispheric ischemic stroke and died 2 weeks
postoperatively. No signs of cerebral bleeding were
detectable by means of the CT-scan of the brain 3
days postoperatively.
Patient 12. In a 53-year-old man, a sympto-
matic high-grade stenosis of the brachiocephalic
trunk was reconstructed by aorto-carotid bypass
grafting. During clamping of the common carotid
artery, no SSEP changes were detected. A patent
reconstruction was shown by means of intraopera-
tive extracranial angiography. After a prolonged peri-
od of mechanical ventilation (10 hours), the patient
awakened with a severe hemiparesis. Occlusion of
the ipsilateral ICA and the MCA was diagnosed by
means of sonography. Surgical reexploration and
thrombectomy of the ICA was performed immedi-
ately. Occlusion of the MCA was revealed by means
of intraoperative intracerebral angiography, leading
to on-table thrombolysis, with 600,000 IU of uroki-
nase given selectively via a microcatheter (12 hours
after declamping of the CCA during primary repair).
Although recanalization of the mainstem of the
MCA was confirmed by conventional angiography
postoperatively, a territorial ischemic infarction was
not preventable. Despite this large infarction, no
cerebral hemorrhage was seen on the CT scan of the
brain 3 days postoperatively. The patient remained
severely disabled (Rankin 5).
Patient 13. In a 65-year-old woman, CEA was
performed for a symptomatic pseudo-occlusion of
the left ICA (amaurosis fugax). Two hours postop-
eratively, the patient had an acute neurological
deficit, with plegia of the right arm and progredient
loss of consciousness. Surgical reexploration was
performed immediately. Because the ICA was found
to be patent, partial thrombosis at the origin of the
ICA and embolic occlusion of the mainstem of a
major branch of the MCA (M2-segment) was
revealed by means of on-table extracranial and
intracranial angiography. After transection of the
ICA, thrombi were removed and an indwelling
shunt was inserted. Via needle-puncture of the
shunt, 500,000 IU urokinase were administered (15
minutes). Because no technical failure could be
detected, carotid reconstruction was performed with
graft interposition (6 mm, Dacron). Evidence of a
recanalized MCA was shown on a second on-table
angiograph. Postoperatively, the patient’s neurolog-
ical deficit improved significantly. At discharge, a
mild deficit existed (Rankin 2); 6 months later, the
patient was functionally independent (Rankin 1). A
small ischemic infarction (Ø 2 cm) in the MCA-ter-
ritory with no signs of cerebral bleeding was
revealed by means of a CT scan of the brain.
Patient 14. In a 55-year-old man with a symp-
tomatic high-grade ICA stenosis on the right side
(hemispheric transient ischemic attacks) and con-
tralateral ICA occlusion, CEA was performed under
shunt-protection. Postoperatively, the patient awoke
with no neurological deficit. Three hours later, acute
hemiplegia and respiratory failure occurred. ICA
occlusion on the operated site was detected by
means of sonography, leading to surgical reexplo-
ration under emergency conditions. A fresh ICA
thrombosis was detected intraoperatively. After
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thrombectomy and immediate shunt-insertion,
carotid flow was reestablished (50 minutes after
onset of postoperative stroke). To remove the sus-
pected thrombogenetic surface of the proximal ICA
(no technical failure detectable), graft interposition
(polytetrafluoroethylene, 6 mm) was performed.
Distal MCA branch occlusion was highly suspected
on angiography, leading to intracarotideal applica-
tion of 500,000 IU urokinase. Successful recanaliza-
tion of the MCA was proven by means of a second
intraoperative angiography, performed within 30
minutes. Postoperatively, the patient improved step-
by-step. An ischemic infarction of the MCA territo-
ry (Ø 2 cm) with no signs of intracerebral hemor-
rhage was revealed by means of postoperative CT
scans of the brain. At the time of discharge, the
patient was able to walk alone; 6 months later only a
minor paresis of the left arm existed (Rankin 2).
DISCUSSION
Natural history in patients who sustain a pro-
found neurological deficit caused by acute extracra-
nial carotid occlusion is unsatisfactory, with a stroke
rate varying from 40% to 69% and a mortality rate
ranging from 16% to 55%.9 Comparable mortality in
patients with intracranial ICA occlusion, occlusion
of the MCA, or both is as much as 53%.26,34,35 In
this series, 12 of 14 patients had the clinical signs of
a major ischemic carotid-related stroke. Stroke was
caused by acute carotid occlusion in 9 of 12 patients
and occlusions of the MCA (mainstem and major
branches respectively) in all 12 patients. The two
remaining patients sustained intracerebral embolism
during elective CEA. These 14 represent a prognos-
tically unfavorable group, justifying every effort to
recanalize brain supplying arteries.
In highly selected patients, both emergency CEA
and thrombolysis may be beneficial in the manage-
ment of an ischemic carotid-related stroke.9,12-14 Until
now, a combined procedure, consisting of CEA and
thrombolysis, either staged or simultaneously, has
been reported only in case reports.31-33 The 14
patients studied represent the first consecutive series in
a single-center experience. Four patients recovered
completely (Rankin 0), six had a minor stroke (Rankin
2/3), 2 had a major stroke (Rankin 4/5), and two
patients died postoperatively. After 6 months, seven
patients were functionally independent (Rankin 0/1),
four patients still had a mild or moderate deficit
(Rankin 2/3), and one patient still had a severe deficit
(Rankin 5). Because hemorrhagic transformation of an
ischemic cerebral infarction occurred in one patient,
no parenchymatous cerebral bleeding was detectable.
Several prognostic factors may be relevant for a
satisfactory result after thrombolysis and emergency
surgery. In the surgical literature, good outcome is
reported in 61% if carotid desobliteration is per-
formed within 3 hours, indicating that time is a major
predictor for clinical outcome.10 In our series,
restoration of blood flow was achieved within a wide
range: thrombolysis was initiated within 2.5 to 4
hours; emergency surgery was performed within 50
minutes to 12 hours. Our data indicate that time can
be a limiting factor, because an unsatisfactory clinical
outcome occurred in two patients in whom emer-
gency CEA was performed after an interval of 12
hours, although one patient improved significantly
within 6 months (Rankin 2, patient 7, Fig 3). Two
patients died postoperatively, although emergency
surgery was performed within the short interval of 3
hours after onset of stroke. Because of the small
number of patients, no definite time window for
emergency surgery can be concluded from our data.
Angiographically controlled studies indicate that
poor collateral bloodflow is associated with a poor,
or even fatal, clinical outcome in patients with an
ischemic stroke treated conservatively or with
thrombolytic agents.22,26,36,37 In our series, one
patient with collateral ICA occlusion had a post-
endarterectomy stroke caused by acute ICA throm-
bosis. Surgical reexploration was performed within
50 minutes, and no technical failure was revealed.
MCA branch embolism and insufficient collateral
flow might be responsible for the development of
cerebral infarction in this patient (patient 14).
Simultaneous occlusion of the MCA is another
important factor. Meyer et al operated on 34 patients
with profound neurological deficits caused by acute
carotid occlusions and achieved a good outcome in
38.3%, a fair outcome in 29.4%, a poor outcome in
11.8%, and a fatal outcome in 20.5%. Coexistence of
MCA embolism strongly influenced the patients’
fates, because seven of nine patients with MCA occlu-
sions had a poor outcome or died. It was concluded
that an associated MCA embolus, detected by means
of angiography, is a relative contraindication to
surgery. Accordingly, angiographically controlled
studies with intravenous or intra-arterial administra-
tion of thrombolytic agents have shown a strong cor-
relation between recanalization and neurological
improvement in acute ischemia, both in the verte-
brobasilar and in the carotid territories.19,21,22,24,27-30
The efficacy and safety of thrombolysis in acute stroke
have recently been demonstrated in selected patients
with two large double-blind randomized studies.
Both the ECASS and the North American National
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Institute of Neurological Disorders and Stroke rt-PA
Stroke Study Group, although not angiographically
controlled, indicated that regression of neurological
deficits is probably related to reestablishment of per-
fusion to the ischemic brain without any excess mor-
tality.17,20 In our series, three patients (patients 1, 2,
and 3) with acute carotid occlusions/embolizing
stenosis and intracerebral embolism were treated ini-
tially with thrombolysis (Table I). In two patients,
cervical ICA occlusion could be recanalized; in one
patient, an ICA stenosis had embolized in the MCA.
Unfortunately, one recanalized ICA reoccluded with-
in several days (without any new neurological deficit),
leading to external carotid plasty at surgery at day 14
(patient 2). After clinical recovery/improvement,
carotid surgery was uneventful in all three patients 6
to 21 days after initial thrombolysis.
Thrombolytic therapy is able to recanalize acute
intracranial occlusions; nevertheless, the embolizing
carotid focus cannot be treated sufficiently because
the stenosing plaque remains. The combination of
thrombolysis and CEA offers the possibility to treat
embolus and focus simultaneously. This is also true
for patients with a postendarterectomy stroke caused
by acute carotid thrombosis and cerebral embolism.
Intraoperative angiography of the intracranial major
arteries should be considered a “conditio sine qua
non” in neurologically unstable patients. We were
able to detect embolic occlusions in the distribution
of the MCA in all patients with a carotid-related
stroke (patients 4, 5, 6, 7, and 8) and in all patients
with a postendarterectomy stroke.
Intracranial on-table-angiography should also be
performed in cases of unexpected changes in neu-
romonitoring procedures during elective CEA.32,33
Intraoperative MCA embolizations were indicated in
three patients (patients 9, 10, and 11) by means of
relevant SSEP changes, leading to angiography and
intracarotideal application of urokinase.
Although no study has been undertaken to test
the superiority of any kind of administration, it could
be supposed that the recanalization rate is higher in
intra-arterial than in intravenous infusion techniques.
According to the literature, intravenous thrombolysis
of MCA occlusions within 6 hours achieves a recanal-
ization rate between 38% and 59%, whereas intra-
arterial infusion results in a 45% to 90% recanaliza-
tion rate.27,30 Microcatheter techniques for selective
thrombolysis are probably the best techniques for
applying a high concentration of the thrombolytic
agent into the thrombus. In our series, selective
thrombolysis led to (partial) recanalization in three of
five patients (patients 3, 7, 8, 11, and 12).
In seven patients, urokinase was administered
intraoperatively by puncture of the ICA or via an
indwelling shunt (patients 4, 5, 6, 9, 10, 13, and 14).
It could be argued that much of the agent may be
diverted to less relevant arteries (for example, the
ophthalmic artery or ACA). Complete or partial
recanalization was achieved in six patients. Therefore,
mechanisms other than direct intrathrombus infu-
sion, such as reopening collateral pathways or 
salvaging the ischemic penumbra, might also be
effective. As shown by Barr et al, intracarotideal
thrombolysis represents a therapeutic option that is
immediately available during operation and can also
be effective in elective endarterectomy complicated
by intracerebral embolism.32,33 Larger doses may be
required with proximal ICA infusion, but today no
exact regimens for intrathrombus or proximal intra-
carotideal infusion exist.
The spontaneous recanalization rate of an
intracranial embolism will be at best 20% at 24
hours,27,30 but may depend on the location of the
occlusion (ICA or MCA), its composition (fibrin
embolus, platelet embolus, or thrombus), and its age.
Because most of our thrombolysed patients had evi-
dence of recanalization and recovered or improved,
we believe that spontaneous recanalization did not
play the major role in this series.
Intracerebral bleeding is a major concern after
thrombolysis for acute ischemic stroke. According to
the literature, the risk of asymptomatic intracerebral
petechial hemorrhage or intracerebral hematoma
with clinical deterioration is about 10% and 5%,
respectively.30 The natural course of an ischemic
infarction is complicated by a symptomatic hemor-
rhagic transformation, with formation of space-
occupying hematomas in approximately 5% of cases.
In 15% to 45% of cases, an asymptomatic (petechial)
hemorrhagic transformation may occur.30,39,40 In
this series, no parenchymal intracerebral bleeding
occurred, and hemorrhagic transformation without
clinical deterioration could be detected in one
patient (CEA and simultaneous thrombolysis 3
hours after onset of symptoms, Fig 2, patient 5). No
signs of bleeding were shown by means of the post-
operative CT scans in both patients who underwent
surgery after a delay of 12 hours. According to the
results of the ECASS, a preoperative CT scan of the
brain has to be performed to exclude patients with
signs of an already established cerebral infarction
from emergency surgery, thrombolysis, or both,
because these patients are exposed to a significantly
higher risk for cerebral bleeding than patients with-
out ischemic infarction.17 The conditions of all three
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patients who were thrombolysed preoperatively did
not worsen clinically. Because of the small number of
patients in our series, further studies are necessary to
assure that those patients are not at a higher opera-
tive risk of intracerebral postoperative hemorrhage
than patients not treated with thrombolysis preoper-
atively. Doses of urokinase larger than 1,000,000 IU
should be avoided intraoperatively, because a corre-
lation between dose of thrombolytic agents and
intracerebral bleeding has been proven.24
In conclusion, intracerebral thrombolysis and
CEA, either as a staged or as a simultaneous proce-
dure, is a new therapeutic approach in the treatment
of carotid-related ischemic strokes. Although the
individual course is not predictable, major cerebral
infarction might be prevented in a significant num-
ber of patients. Intraoperative intracerebral angiog-
raphy is a “conditio sine qua non” to reveal intra-
cerebral embolism and should be performed rou-
tinely in CEA for neurologically unstable patients
and in patients with loss of SSEP during elective
CEA. Although the exact risk of intracerebral bleed-
ing in thrombolysis and emergency surgery (staged
or simultaneously) was not determined by our data,
absence of any major hemorrhagic complication
indicates that this approach should be a subject of
further interdisciplinary investigation.
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